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As part of an ongoing program aimed at recognizing novel antioxidant, antimicrobial, and anticancer
molecules, herein we report the synthesis and biological evaluation of imidazolidin-4-one and
thiazolidine-2,4-dione derivatives as antimicrobial agents. These compounds were prepared from
5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-carboxaldehyde and 3-substituted phenacyl-2,4-thia-
zolidinediones using Knoevenagel reaction. The structures of compounds were confirmed by 'H NMR,
mass spectral data, and elemental analyses. The molecules were evaluated for in vitro antimicrobial ac-
tivity against methicillin-resistant Staphylococcus aureus (MRSA) (standard), methicillin-resistant Staph-
ylococcus aureus (isolated), Staphylococcus aureus (SA), Escherichia coli (EC), Bacillus subtilis (BS),
and Candida albicans (CA). Compounds 3(a—g) and compound 4 showed equal and/or greater antimi-

crobial activity against MRSA and EC than ampicillin and sultamicillin.
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INTRODUCTION

Previously, we reported that the synthesis and antimi-
crobial evaluation of tetrahydro-tetramethyl-naphthalene
benzimidazoles, and tetrahydro-tetramethyl-naphthalene
benzimidazole-amidines showed an activity comparable
with that of fluconazole and sultamicillin against methi-
cillin-resistant Staphylococcus aureus, Staphylococcus
aureus, Escherichia coli, Pseudomonas aeruginosa,
Enterococcus faecalis, Candida krusei, and Candida
albicans [1,2].

Recent investigations have used retinoids both in che-
motherapeutic and chemopreventive modes either as sin-
gle agents or in combination with other agents such as
growth factors and biological response modifiers [3].
The presence of a thiazolidine ring in penicillins and
related derivatives was the first recognition of its occur-
ence in nature [4]. The thiazolidinone nucleus is present

in many compounds that have antibacterial and antifun-
gal activity [5-9] This started the detailed structure-ac-
tivity studies on thiazoline-2,4-diones and analogues
related to them [10].

To provide more effective therapeutic agents with the
benefical effects of all trans-retinoic acid (ATRA) but
with reduced side effects, we developed conformation-
ally constrained retinoids consisting of tetrahydro-tetra-
methyl-naphthalene moiety, which is integrated with
thiazolidinedion and hydantoin ring systems and studied
on their biological activity in terms of antimicrobial
prospect.

In this article, synthesis and antimicrobial activity of
a new series of 3-[2-(2,3,4-substitue-phenyl)-2-oxo-
ethyl]-5-[1-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naph-
thalen-2-yl)-meth-(Z)-ylidene]-thiazolidine-2,4-dione and
1-substitue-5-[1-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
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Scheme 1. General synthesis of 3(a-g) and 4.
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naphthalen-2-yl)-meth-(E)-ylidene]-2-thioxo-imidazoli-
dine-4-one are described.

RESULTS AND DISCUSSION

The synthetic procedure of the retinoidal thiazolidine-
dione derivatives is shown in Scheme 1. Because of the
labile hydrogen atom at the 3-position, the thiazolidine-
2,4-dione was N-alkylated with appropriate phenacyl
halides in alkaline medium. The condensation of N-phe-
nacylintermediates 2(a—-g) with retinoidal carboxalde-
hyde in glacial acetic acid and in the presence of
sodium acetate by Knoevenagel reaction, led to 3-[2-
(2,3,4-substitue-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetra-
methyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-yli-
dene]-thiazolidine-2,4-dione derivatives 3(a-g).

The appearance of pathogens resistant to known anti-
biotic therapy is becoming an important healthcare prob-
lem including the increase in the isolation and treatment
of methicillin-resistant Staphylococcus aureus (MRSA)
strains [11]. Besides resistance to beta-lactam antibiot-
ics, MRSA strains are also found to possess resistance
to several antibiotics (macrolides, tetracyclines, and ami-
noglycosides) other than beta-lactams. Although MRSA
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are resistant to many drugs, most remain susceptible to
the antibiotics vancomycin, teicoplanin (belongs to a
group of antibiotics called glycopeptides), and linezolid
[12,13]. Linezolid is a new antibiotic that is found
active against MRSA and has good safety, tolerability
even for newborns and children [14]. The chemical
structure of linezolid is related to oxazolidine moiety,
which is quite similar to those we have synthesized thia-
zolidinedione retinoids. The oxazolidinones, including
linezolid and eperezolid, denote a unique class of syn-
thetic antimicrobial agents with good activity against
MRSA and vancomycin-resistant enterococci. Because
of their unique mode of action, they do not display
cross-resistance with other classes of antimicrobial
agents [15].

In our study, the prepared compounds [novel com-
pounds 3(a-g) and 4] were screened in vitro against
Staphylococcus aureus (ATCC 25923), methicillin-re-
sistant Staphylococcus aureus (standard) (ATCC 43300),
methicillin-resistant = Staphylococcus aureus (isolated),
Escherichia coli (ATCC 23556), Bacillus subtilis
(ATCC 6633), and Candida albicans (ATCC10145) by
dilution method and ciprofloxacin, ampicilline, sultami-
cillin, and fluconazole were used as standard drugs
whose minimum inhibitory concentration (MIC) values
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Table 1
The structures and in vitro antimicrobial activities of compounds 3a—g and 4.
O
—\ R NH
A \ S
X
i W/ W
S& O O
O 4
3(ag)
Compounds R MRSA (Standard) MRSA (Isolated) S. aureus E. coli B. subtilis C. albicans
3a H 25 25 50 50 25 25
3b p-fluoro 50 50 50 50 25 12.5
3c p-chloro 50 50 50 50 50 6.25
3d m-nitro 25 25 50 50 25 12.5
3e p-nitro 25 25 50 25 50 6.25
3f p-methoxy 25 25 25 25 50 25
3g o,p-dimethoxy 50 50 50 25 50 3.125
4 50 50 50 25 3.125 6.25
Cipro 6.25 12.5 0.78 0.19
Ampicillin 50 50 0.78 50 50
Sultamicilin 50 50 1.56 25 0.78
Fluconazole 1.56

MIC, minimum inhibitory concentration pg/mL.

are provided (Table 1). The results of the antimicrobial
screening showed that the thiazolidinedione derivatives
integrated to partial retinoic acid moiety exhibited vary-
ing degrees of moderate activity against bacteria compa-
rable with ampicilline and sultamiclline on MRSA.
Moreover, compounds 3¢, 3e, 3g, and 4 were active to-
ward C. albicans. The MICs ranging between 3.125 and
25 pg/mL were reported for these compounds.

EXPERIMENTAL

Chemistry. Melting points were determined with a Buchi
SMP-20 and Buchi 9100 melting point apparatus and are
uncorrected. 'H and '*C NMR spectra were recorded on a Var-
ian Mercury 400 MHz spectrometer in DMSO-ds, chemical
shifts are expressed as & (ppm) values with tetramethylsilane
(TMS) as an internal standard and coupling constants (J) are
reported in Hertz (in NMR description, s = singlet, d = dou-
blet, t = triplet, @ = quartet, m = multiplet, and br = broad
peak). The mass spectra were recorded with a Waters ZQ
micromass LC-MS spectrometer by the method of ES™ and
elemental analyses were performed on LECO 932 CHNS
instrument and were within +£0.5% of the theoretical values
(analyses performed at Scientific and Technical Research
Council of Turkey, Instrumental Analysis Center, Ankara, Tur-
key). Analytical thin-layer chromatography (TLC) was run on
Merck silica gel plates (Kieselgel 60F-254). Column chroma-
tographies were accomplished on silica gel 60 (40-63 pm par-
ticle size) (Merck). All starting materials and reagents were
high-grade commercial products purchased from Aldrich,
Merck or Fluka. Compound 2a, 2¢, 2e [16], 2b [17], 2d [18],
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2f-g [19], and retinoidal-carboxaldehyde 1 [20] were prepared
according to the literature.

General synthesis of compounds 3a-g and 4. 3-(Substi-
tuted phenacyl)-2,4-thiazolidinedione 2a—g or thiohydantoine
(1 mmol) and CH3COONa (0.25 g) were added to a solution
of retinoidal carboxaldehyde 1 (1.2 mmol) in glacial
CH5;COOH (3 mL). The reaction mixture was heated to 140—
150°C for a period of 4-6 h. The resulting precipitate was fil-
tered, washed with H,O, and then with acetone. The residue
was purified by column chromatography silica gel 60 (230—
400 mesh ASTM) using n-hexane. CHCl; (2:1) mL or n-hex-
ane: EtOAc (3:1) mL as eluant [18].

3-[2-(Phenyl)-2-oxo0-ethyl]-5-[1-(5,5,8,8-tetramethyl-5,6,7,8-
tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-thiazolidine-2,4-
dione (3a). Yield: 42%, mp: 197°C, 'H NMR (DMSO): 1.5
(d,12 H, J = 9.2), 1.65 (s, 4H), 5.34 (s, 2 H, CH,), 7.4 (dd,
1H, J = 6.8, J = 1.6), 7.52 (d, 1H, J = 8), 7.6 (t, 1H), 7.65
(d, 1H, J = 1.6), 7.74 (t, 1H), 7.98 (s, 1H, =CH) 8.09 (d, 2H,
J = 6.8). MS (ESI+) m/z: 434 (M+1, 100) Anal. for
Cy6H>7NO3S Caled. C: 72.03 H: 6.28 N: 3.23 S: 7.40 found
C: 71.87 H: 6.24 N: 3.26 S: 7.39.

3-[2-(4-Flouro-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-thiazoli-
dine-2,4-dione (3b). Yield: 44%, mp: 199°C, 'H NMR
(DMSO): 1.3 (d, 12 H, J = 9.2), 1.67 (s, 4H), 5.35 (s, 2 H,
CH,), 7.39-7.56 (m, 4H), 7.67 (d, 1H, J = 1.6), 7.99 (s, 1H,
=CH), 8.19 (m, 2H). MS (ESI+) m/z: 452 (M+1, 100) Anal.
for C,sH,6FNO5S.0.2 H,O Calcd. C: 68.60 H: 5.84 N: 3.07 S:
7.05 found C: 68.39 H: 5.68 N: 3.10 S: 6.98.

3-[2-(4-Chloro-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-thiazoli-
dine-2,4-dione (3c). Yield: 45%, mp: 195°C, 'H NMR
(DMSO): 1.3 (d, 12 H, J = 8.8), 1.65 (s, 4H), 5.35 (s, 2 H,
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CH,), 7.42 (dd, 1H, J = 6.8, J = 2), 7.54 (d, 1H, J = 8.8),
7.68 (m, 3H), 7.99 (s, 1H, =CH) 8.12 (d, 2H, J = 8.4). MS
(ESI+) m/z: 468 (M+1, 75) Anal. for CysHpsCINO5S.0.1
CHCI150.2 H,O Calcd. C: 64.90 H: 5.53 N: 2.90 S: 6.62 found
C: 64.80 H: 5.08 N: 2.90 S: 6.12.
3-[2-(3-Nitro-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-thiazoli-
dine-2,4-dione (3d). Yield: 38%, mp: 139°C, 'H NMR
(DMSO): 1.28 (d, 12 H, J = 9.2), 1.67 (s, 4H), 5.48 (s, 2 H,
CH,), 742 (dd, 1H, J = 6.8, J = 1.6), 7.54 (d, 1H, J = 8.4),
7.67 (d, 1H, J = 1.2), 7.92 (t, 1H), 8.01 (s, 1H, =CH) 8.57
(m, 2H), 8.78 (s, 1H). MS (ESI+) m/z: 479 (M+1, 100) Anal.
for C,6HrN>05S.0.1 CgHg Caled. C: 65.69 H: 5.51 N: 5.75 S:
6.59 found C: 66.05 H: 5.14 N: 5.75 S: 6.23.
3-[2-(4-Nitro-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-thiazoli-
dine-2,4-dione (3e). Yield: 42%, mp: 181°C, '"H NMR (DMSO):
1.28 (d, 12 H, J = 9.2), 1.67 (s, 4H), 5.35 (s, 2 H, CH,), 7.42
(d,1H, J = 8.4),7.54 (d, 1H, J = 8.4), 7.67 (s, 1H), 8.01 (s, 1H,
=CH), 8.31-8.44 (m, 4H). MS (ESI+) m/z: 479 (M+1, 100)
Anal. for C,H,6N>05S.0.1 C¢Hg Caled. C: 65.25 H: 5.48 N: 5.85
S:6.70 found C: 65.31 H: 5.44 N: 5.83 S: 6.61.
3-[2-(4-Dimethoxy-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetra-
methyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-
thiazolidine-2,4-dione (3f). Yield: 47%, mp: 146°C, '"H NMR
(DMSO): 1.28 (d, 12 H, J = 8.8), 1,67 (s, 4H), 3,88 (s, 3H),
5.26 (s, 2 H, CH,), 7.12 (d, 2H, J = 8.8), 7.41 (dd, 1H, J =
6.4,J =2),753 (d, 1H, J = 8.4), 7.66 (d, 1H, J = 2), 7.99
(s, 1H, =CH) 8.07 (d, 2H, J = 8.8). MS (ESI+) m/z: 464
(M+1, 100) Anal. for C,7H,0NO,4S Caled. C: 69.95 H: 6.31
N: 3.02 S: 6.92 found C: 69.79 H: 6.25 N: 3.09 S: 6.90.
3-[2-(2,5-Dimethoxy-phenyl)-2-oxo-ethyl]-5-[1-(5,5,8,8-tetra-
methyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-meth-(Z)-ylidene]-
thiazolidine-2,4-dione (3g). Yield: 43%, mp: 151°C, '"H NMR
(DMSO): 1.46 (d, 12 H, J = 9.2), 1,53 (s, 4H), 3,55 (s, 3H),
3,59 (s, 3H),5.1 (s, 2 H, CH,), 7.27 (m, 3H), 7.42 (d, 1H, J =
8.4),7.54 (d, 1H, J = 8.4), 7.66 (d, 1H, J = 1.6), 7.98 (s, 1H,
=CH). "*C NMR (DMSO) § 191.46, 167.80, 165.97, 154.84,
153.80, 148.71, 146.31, 134.85, 130.93, 129.95, 128.34,
127.58, 124.35, 122.96, 120.28, 115.18, 113.98, 57.18, 56.29,
52.16, 34.97, 34.94, 34.70, 32.15, 31.92. MS (ESI+) m/z: 494
(M+1, 50) Anal. for C,3H3;NOsS Calcd. C: 68.13 H: 6.33 N:
2.84 S: 6.50 found C: 67.80 H: 5.89 N: 2.85 S: 6.37.
5-[1-(5,5,8,8-Tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-
methl-(E/Z)-ylidene]-2-thioxo-imidazolidine-4-one (4). Yield:
32%, mp: 207°C, '"H NMR (DMSO): 1.26 (d, 12 H, J = 13.2),
1,64 (s, 4H), 6.47 (s, 1H, =CH), 7.37-7.6 (m, 3H, Ar—H),
12.14 (s, 1H), 12.36 (s, 1H). MS (ESI+4) m/z: 315 (M+1, 100)
Anal. for C3H,;N,0S.0.1 CHCl; Calcd. C: 66.84 H: 6.54 N:
8.61 S: 9.83 found C: 66.77 H: 6.56 N: 8.46 S: 9.51. Accord-
ing to the literatures, the thiazolidinedione compounds usually
possess the Z configuration [21-23]. On the other hand, 5-ary-
lidene-4-thio-imidazolidine-2-ones are theoretically able to
exist both in the Z and E configurations. To explain configura-
tions of our thio-imidazolidine compound. The NOESY and
ROESY spectra of the compound 4 showed the compound is a
mixture of £ (more in amount) and Z configurations.
Microbiology. Determination of the minimal inhibitory con-
centrations (MIC) of the compounds by dilution method.
Sample preparation. Each of the test compounds and stand-
ards (ampicillin, floconazole, cipro, and sultamicilin) were dis-
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solved in 12.5% DMSO, at concentrations of 200 pg/mL. Fur-
ther dilutions of the compounds and standards in the test me-
dium were prepared at the required quantities of 100, 50, 25,
12.5, 6.25, 3.125, 1.56, and 0.78 pg/mL.

Culture of microorganims. All the compounds were tested
for their in vitro growth inhibitory activity against different
bacteria and the yeasts Candida albicans. The bacterial strains
and Candida albicans used in this study were obtained from
the culture collection of Refik Saydam Health Institution of
Health Ministry, Ankara, and maintained at the Microbiology
Department of Faculty of Pharmacy of Ankara University. The
bacterial strains were maintained on MHA (Mueller-Hinton
Agar) medium for 24 h at 37°C and fungi were maintained on
SDA (Sabouraud Dextrose Agar) for 2-5 days at 25°C *= 1°C.
The bacteria and fungi inocula were prepared by suspension in
9 mL of sterile water for colonies from culture on MHA and
SDA medium.

Assay for in vitro antimicrobial activity. The in vitro anti-
microbial activity of compounds was tested by the tube dilu-
tion technique [24,25]. The tube dilution technique was fol-
lowed to determine the MIC of all the synthesized compounds.
MHB (Mueller-Hinton Broth) was used for bacteria, and SDB
(Sabouraud Dextrose Broth) was used for Candida spp. The
cell density of each inoculum was adjusted in sterile water of
a 0.5 Mc Farland standard. A final concentration of ~10°
CFU/mL and 10* CFU/ mL for the bacteria and fungi, respec-
tively. Microbial inocula were added to the twofold diluted
samples. After incubation for bacteria 18-24 h at 37°C = 1°C
and for fungi 2-5 days 25°C £ 1°C, the last tube with no
growth of microorganism was recorded to represent MIC
expressed in pg/mL.
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